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ABSTRACT 
 
Paleo-shorelines are steps in the landscape that represent regressionary standstills, or in 
other words, paleo sea-levels. At the time of deposition, these scarps would have been horizontal 
so any elevation change seen along the base of these scarps today suggests warping of the crust 
beneath them. In this way, paleo-shorelines can be used to study uplift along passive margins, 
such as the east coast of North America. It has been shown that the mid-Pliocene Orangeburg 
Scarp, which is present throughout North and South Carolina, has a maximum variation in 
elevation of 60 meters. This dynamic topography has been attributed to warping of the crustal 
surface due to a combination of uplift by mantle convection and glacial isostatic adjustment. We 
hypothesize that younger scarps in the same regressionary sequence as the Orangeburg, should 
show a corresponding dynamic topography. This paper provides an analysis of the Quaternary-
aged Suffolk Scarp in North Carolina using high-resolution LiDAR data to model the variation in 
elevation of the scarp’s longitudinal profile. The Orangeburg Scarp was also analyzed in the 
same way to compare the elevation change along its longitudinal profile to that found by 
previous studies. For the purposes of this study the Suffolk Scarp was assumed to be originally 
horizontal and the results of the model imply that it has not experienced warping in recent 
geologic history. Therefore, we conclude that the younger Suffolk Scarp does not show dynamic 
topography in correspondence to the older Orangeburg Scarp. 
 
 
INTRODUCTION 
 
The shoreline along the east coast of North America has not always been in the location it 
is today. Since the end of the Late Triassic rifting event that opened the Atlantic Ocean 
(Manspeizer, 2015), sediment has accreted to the eastern edge of the North American plate and 
the shoreline has migrated eastward. The coastal plains of North and South Carolina provide 
excellent evidence of this dynamic shoreline. The presence of sequential scarps indicates 
shoreline migration and a few of the more prominent scarps exist in the Carolinas (Figure 1). By 
definition, a scarp is a step or offset in topography. These can be created in a number of ways, 
faulting is a common one, but here, we are concerned with shoreline scarps. Fundamentally, the 
base of a scarp created by wave action should be relatively horizontal and have an elevation of 
zero, or sea level. A shoreline scarp marks "the position of a regressionary stillstand" (Soller & 
Mills, n.d.), so in effect, it represents a paleo-sea level. 
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Figure 1. Digital elevation model of North and South Carolina projected in the 
NAD_1983_StatePlane_North_Carolina_FIPS_3200_Feet coordinate system. The Orangeburg 
Scarp, which is 3-4 million years in age, is marked by the change in elevation moving eastward 
from about 100 feet down to 50 feet, or moving from orange to green. The Suffolk Scarp, which 
is 125,000 years in age, is marked by the transition from the 10-50 feet contour to the < 10 feet 
contour, or moving from light green to blue.  
 
 
The eastern edge of the North American continental margin is passive, commonly 
meaning it has not experienced any tectonic activity in recent geologic history. Specifically, it 
has not undergone significant deformation since the Early Jurassic when continental rifting 
ceased. In effect, there should not be any recent topography change along the continental margin. 
Therefore, as a relatively stable continental platform, it should be in tune with the globally 
uniform sea-level trends. However, it has recently been demonstrated, using seismic tomography 
to simulate mantle flow, that the continental margin along the New Jersey coastline, along with 
the associated margin in west Africa, have experienced “dynamic topography change” on the 
order of hundreds of meters over the past 30 million years (Moucha, et al., 2008). This 
magnitude of change is proportionate to the degree of change in eustatic sea-level trends. 
Therefore, it has been argued that the sole use of either seismic sequence stratigraphy or back 
stripping stratigraphic analysis along what are assumed to be passive continental margins, cannot 
be used to model global eustatic sea-level trends over geologically short time periods, as 
previously assumed (Moucha, et al., 2008). 
With these new data on the stability of continental margins, interest developed to more 
accurately determine the processes controlling dynamic topography change, or warping, of 
continental margins over short time scales. Rowley, et al. (2013) analyzed the Orangeburg Scarp, 
which is present in North and South Carolina, to characterize the uplift processes that have been 
occurring since the mid-Pliocene (3-4 Mya) on the local scale. They used four different three-
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dimensional models, all of which accounted for mantle dynamics and glacial isostatic adjustment 
(GIA), along with the mantle flow model developed by Moucha et al. (2008), to estimate stresses 
pushing up on the crust. Using this method, they created a global model of dynamic topography 
to be used to estimate the changes occurring along passive margins. In comparing their estimate 
of dynamic topography over the past three million years to the 60-meter variation in height of the 
Orangeburg Scarp, they found the two measures to be well correlated. With this, they concluded 
that the warping seen along the Orangeburg and related scarps can be almost entirely explained 
by GIA and uplift due to mantle convection (Rowley, et al., 2013). 
As an extension to the work done by Rowley, et al. (2013), the analysis presented here 
seeks to determine if dynamic topography change can also be seen along younger scarps in the 
Carolinas. The change in elevation along the Orangeburg Scarp that Rowley, et al. used was 
based upon previous estimates made by Winker and Howard (1977) and the highest preserved 
mid-Pliocene marine sedimentary rocks as a function of latitude. With this, they concluded a 
maximum variation in elevation of about 60 meters along the Orangeburg Scarp. Over 3 million 
years, this corresponds to a warping rate of 2 meters per 100,000 years. 
Assuming Rowley, et al. accurately assessed the factors that influence topography change 
over time, younger scarps that correspond with the Orangeburg, such as the Suffolk Scarp, 
should also show some degree of dynamic topography in recent history. If the Suffolk Scarp has 
been experiencing uplift in correspondence with the Orangeburg, then over the past 125,000 
years since its deposition, we should expect about 2.5 meters of warping, and we would assume 
this warping to take a similar pattern to that seen in Orangeburg. Two and a half meters is not 
much, but we were curious to see if this small magnitude warping can be measured using high 
resolution LiDAR data. Furthermore, because this is a different method for measuring change of 
elevation, we also thought it would be useful to perform the same analysis on the Orangeburg 
Scarp and compare the results with those of Rowley, et al. (2013), which utilized topographic 
and geologic data instead. 
 
 
GEOLOGIC DATA 
 
The Suffolk Scarp is located to the east of the Orangeburg Scarp, which is one of the 
most prominent and laterally continuous scarps in the coastal plain. Nevertheless, the Suffolk 
Scarp still represents a significant break in elevation that can be seen in LiDAR imagery (Figure 
1). In 2014, the North Carolina QL2 LiDAR Program Organization began a four-year agenda to 
collect Quality Level 2 (QL2) LiDAR statewide. This is high-resolution LiDAR where 2 points 
per square meter is standard and it has a nominal post spacing of 0.7 meters. A Bare Earth 
Digital Elevation Model (DEM) dataset has been created from the LiDAR collected, and because 
of its high resolution, the DEMs can be used to measure minor topographic features accurately. 
For this study, the five-foot grid raster DEMs (DEM05) were used to analyze the Suffolk Scarp.  
The Orangeburg Scarp was also examined as a way to test the analysis methods. For this 
area of the state, the QL2 LiDAR has not been completed so it could not be utilized in the 
analysis. Instead, the Legacy LiDAR dataset was used since it exists across the entire state of 
North Carolina. These data were collected between 2001 and 2005 at a spacing of approximately 
one point per 3-4 square meters and the ten-foot grid raster DEMs (DEM10) provided the highest 
resolution of this data. This corresponds nicely with the 1.4-meter nominal point spacing LiDAR 
obtained from South Carolina Department of Natural Resources (SCDNR) FTP site that also has 
ten-foot grid raster DEMs (DEM10) available for download on a county scale. 
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METHODS 
 
Data Processing in ArcMap 10.4 
 
The DEMs were downloaded from the North Carolina Spatial Data Download (NCSDD) 
and the SCDNR FTP sites and processed in ArcMap 10.4. Processing the data in ArcMap was a 
lengthy and tedious procedure, but a method was developed to do so systematically. The steps 
are outlined here and augmented with screen shots from ArcMap 10.4.  
From the NCSDD site, the user must select an area of interest and request the data for 
download at the desired resolution. For the Suffolk Scarp analysis, this was QL2 DEM05, 
whereas for the Orangeburg Scarp analysis the data selected was the Legacy DEM10. Once the 
data were requested, it would take up to 24 hours to receive as compressed zip files 
individualized by county (Figure 2).  
 
 
 
 
Figure 2. Screen capture from the NCSDD site detailing the steps a user must take to download 
data. Select an area to download by drawing a box around it, making sure not to select too large 
of an area or the request will freeze. A dialogue box will appear after the box has been drawn and 
the user will be asked to approve the selected counties by clicking “Okay.” The dialogue box 
seen is this figure will then appear and the user must select the desired resolution in which they 
want their data. Multiple may be selected.  
 
 
Each county file downloaded from the site contained all of the individual grid pixels of 
the selected area within that county. The data were extracted and the raster pixels for each county 
were mosaicked together into a new raster file (Figure 3). This resulted in multiple county wide 
or partial county DEMs, depending on the area selected from NCSDD. It took many cycles of 
downloading select areas from NCSDD to cover the area along the whole length of the scarp, 
Click to enable selection 
of rectangular area as 
shown by the black arrow 
Select desired 
resolution then 
“Submit Job” 
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2 
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and much of the data overlapped. Once all of the data were obtained, the next step in the process 
was to mosaic all of these county DEMs into one raster, taking care not to include repetitive, 
overlapping data. 
 
 
 
 
Figure 3. Screen capture from ArcMap 10.4 detailing the steps to mosaic multiple raster files 
into one. This works best when all of the raster files are in one folder. Each mosaicked county 
DEM was saved to the same folder location for this reason. 
  
 
At such high resolution, the five-foot grid DEMs used to analyze the Suffolk Scarp made 
it difficult to mosaic the county pieces into one single raster due to their large file size. For this 
reason, they had to be cut into smaller pieces to isolate a designated area around the scarp. To do 
this, maps detailing the positions of the scarps (Parham, et al., 2013, Figure 19; Rowley, et al., 
2013, Figure S5) were georeferenced and overlain atop the base county maps1 of the Carolinas in 
ArcMap. This allowed for the scarps to be traced and superimposed on the base map (Figure 4). 
These traces were also edited slightly by hand based on visual interpretation of the scarp location 
from the DEM.  
                                                 
1 From NCDOT and SCDNR 
Browse home folder 
and select all raster 
files to be mosaicked 
together 
Select output 
folder location 
and name the 
new raster 
dataset 
Number of 
bands is 1 for 
DEMs 
1 
2 
3 
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Figure 4. Screen capture from ArcMap 10.4 detailing the steps to georeference a scanned map 
and overlay it across a base map. Using the control points tool, pick a “common point” on the 
photo, then select the same point on the existing layer. After selecting at least 10 points, rectify 
the warped map to save it as a new layer, or update the georeferencing on the scanned map 
already added to the working space. From this, map elements can be traced and saved as new 
features in ArcMap. The map from Parham, et al. (2013) used to trace the Suffolk Scarp is 
displayed in this figure. Both the Orangeburg and the Suffolk Scarps were traced in red and 
added to the map, as seen above. 
 
 
The scarp traces were then buffered (Figure 5) at 5 kilometers around the Suffolk Scarp 
and 18 kilometers around the Orangeburg Scarp. The area around the scarp from each county 
DEM05 could then be extracted using the buffer as a mask (Figure 6). Once extracted, the pieces 
were small enough to mosaic together into one large raster which covered the entire area 
Select image 
file from drop 
down menu 
1 
Click on the “Add 
control points” button 
and choose at least 10 
Rectify or update 
georeferencing once enough 
control points have been 
added 
3 
Trace scarp using the line 
drawing tool, double-click to 
stop drawing 
4 
Use the convert graphics to 
features tool to add the scrap 
trace to the map as a layer 
5 
2 
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centered around the scarp. It is important to note that only the QL2 five-foot grid DEMs required 
masking and extraction before being mosaicked together into the larger DEM raster of the 
Suffolk Scarp. The Legacy DEM10 raster files used to analyze the Orangeburg Scarp were small 
enough (i.e. in file size) to be mosaicked together into the larger scarp DEM raster before the 
area around the scarp was extracted out.  
 
 
 
 
Figure 5. Screen capture from ArcMap 10.4 detailing the steps to create a buffer from a line. The 
buffer is added as a new feature to the map once it is created. In the figure above, a five 
kilometer buffer has been applied to the trace of the Suffolk Scarp. 
 
 
Select Buffer from the 
Geoprocessing toolbar 
1 
Select the line to buffer 
around 
2 
Enter how far around the line 
you wish to buffer and change 
the units accordingly 
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Figure 6. Screen capture from ArcMap 10.4 detailing the steps to extract an area of a raster file 
using the buffer as a mask. Here, batch processing was utilized. 
 
 
The next step after building DEMs around the scarp traces was to extract cross-sectional 
data to analyze the longitudinal profile of each scarp. The 3D Analyst Toolbar in ArcMap allows 
for the creation of a 3D line by interpolating heights from the selected functional surface (Figure 
7). However, in order to analyze the scarp in a routine, repeatable manner, the cross sections 
could not be drawn at random, they had to be drawn uniformly. To do this for the Suffolk Scarp, 
points were generated along the scarp trace at one kilometer intervals (Figure 8) and parallel 
lines were drawn two kilometers away from either side of the scarp (Figure 9). To go through the 
same process for the Orangeburg Scarp, points were generated along the scarp trace at a three 
kilometer interval and parallel lines were drawn seven kilometers away from either side of the 
scarp. The lines on either side of the scarp had to be exported as new features (Figure 10) in 
order to carry out the next step. 
 
Right-click on the extract 
by mask tool to open the 
batch processor 
1 
Right-click on the first cell 
and select “Browse...” to go 
to your home folder. Navigate 
to the folder containing the 
mosaicked county DEMs, 
select all, and click “Add.” 
2 
Add the mask to this 
column for every 
input raster 
3 
Designate a new folder 
for the extracts and 
label each output raster 
appropriately 
4 
9 
 
 
 
 
 
 
 
Figure 7. Screen capture from ArcMap 10.4 detailing the steps to draw a 3D line and generate a 
graph of elevation along a cross sectional area of the DEM. 
 
 
 
 
Figure 8. Screen capture from ArcMap 10.4 detailing the steps to generate points along a line at 
a set interval. In the figure above, points have been generated on a one kilometer interval along 
the Suffolk Scarp. 
Select the 3D line tool 
2 
Make a profile graph of 
the selected 3D line 
5 
Open the 3D Analyst Options 
window to set the location to 
save the profile graph data 
Draw a line perpendicularly across 
the scarp 
3 
4 
Select the DEM to interpolate 
1 
Select scarp line 
1 
Set point interval 
2 
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Figure 9. Screen capture from ArcMap 10.4 detailing the steps to draw parallel lines along either 
side of a designated line (i.e. the scarp trace) at a given distance. The Copy Parallel function will 
add two new polylines to the attribute table of the line originally selected for editing. 
 
 
 
 
Figure 10. Screen capture from ArcMap 10.4 detailing the steps to create new features from 
each of the parallel lines. The new line features were named according to their location relative 
to the scarp (i.e. east and west). 
Select “Start Editing” 
and a dialogue box 
will appear. Select the 
layer you wish to edit.  
Select the scarp line for 
editing using the Select 
Features tool 
Select “Copy 
Parallel…” from the 
drop down menu.  
1 
2 
3 
Enter the distance 
from each side to 
copy a parallel line. 
 
4 
Select each line 
from the attribute 
table one at a time 
 
1 
Right-click on the layer 
and then “Create Layer 
from Selected Features” 
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Once the parallel lines were individualized, the distance between the points along the 
scarp and the nearest point to it along each of the parallel lines was calculated (Figures 11 and 
12). A straight line was then drawn across the scarp from near point to near point using the XY 
to line tool (Figure 13). In this way, equally spaced, perpendicular cross sections were made 
along the scarps. These cross sections were transformed into three dimensional lines (Figure 14) 
which were then be used to generate Profile Graphs (Figure 15). The completed analysis set up 
is displayed in Figure 16. 
 
 
 
 
Figure 11. Screen capture from ArcMap 10.4 detailing the steps to find the nearest point on each 
parallel line with respect to each interval point along the scarp. In the figure, near point are found 
between the points on the middle scarp trace, and the line that parallels it to the east. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Select the interval 
points layer 
 
1 
Select one of the parallel 
line features created earlier. 
It will be added to the box. 
 
2 
Check the location box to 
get X and Y values of the 
near points 
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Figure 12. The point locations from Figure 11 become additional attributes (in the form of X 
and Y coordinates) of the input feature (i.e. the interval points). Since the near point is found 
along one side at a time, it is necessary to add new fields to the interval point attribute table and 
use the field calculator to copy the near values over to new columns so they are not overwritten 
when the near values for the opposing side are found. 
 
 
 
 
 
 
 
Add new fields to the attribute 
table for the X and Y near 
values calculated on each side 
of the scarp 
 
1 
Right-click on the column heading 
and use the field calculator to copy 
the near values into the newly 
added fields 
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Figure 13. Screen capture from ArcMap 10.4 detailing the steps to generate a straight line from 
near point to near point using the XY to line tool. This will generate a single layer file containing 
all of the cross sections along the scarp. 
 
 
 
 
 
Figure 14. Screen capture from ArcMap 10.4 detailing the steps to transform the cross sections 
into three dimensional lines using the interpolate shape tool. 
 
Select the interval points 
attribute table in which all of 
the near values are contained 
 
1 
Start the lines in the west and 
end in the east so that the cross 
sections slope seaward 
 
2 
Interpolate elevation along the cross 
sections using the DEM previously 
built around the scrap trace 
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Select the cross section layer file 
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Figure 15. Screen capture from ArcMap 10.4 detailing the steps to generate Profile Graphs. 
 
 
 
 
 
Select all of the 3D cross 
sections using the layer’s 
attribute table 
1 
Follow the same steps as outlined in 
Figure 7. All of the profile graphs will be 
displayed on one graph but will be saved 
individually to the designated folder. 
2 
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Figure 16. Geologic map of North and South Carolina. Zoomed in boxes demonstrate the 
analysis set-up in ArcMap where the Suffolk Scarp and associated perpendicular cross sections 
are shown in blue and the Orangeburg is shown in red. The DEMs run parallel beneath the scarp 
traces and depict a gradient of elevation from high to low (i.e. white to black).  
 
 
To do this, the elevation data along each cross section was exported from ArcMap and 
imported into the coding platform R, for further analysis. To do this, the attribute tables for each 
3D cross section were exported. Again, the batch tool was utilized for this process (Figure 17).  
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Figure 17. Screen capture from ArcMap 10.4 detailing the steps to export the attribute tables 
into excel sheets using the batch processor to export all of them at once.   
 
 
Data Analysis in R 
 
For every cross section, distance across the scarp from approximately west to east was 
plotted against elevation. This produced a line graph characterizing the lateral profile of the scarp 
at each cross section. From this, the base elevation of each cross section was selected and 
recorded. The selection of this point was interpreted based on visualization of the elevation 
change using DEMs in combination with careful examination of the cross sectional profile 
(Figure 18). The process used in R to pick base points required that a base point be chosen for 
each section. The points deemed inaccurate (Figure 19) were then removed from the base point 
datasets. Finally, base point elevation versus distance along the scarp was plotted to create a 
longitudinal profile of the scarp and a smoothing curve was applied to each scarp profile using 
the lowess function. 
 
Right-click on the first cell and 
select “Browse...” to go to your 
home folder. Navigate to the 
folder containing profile graph 
data, select all, and click “Add.” 
 
1 
Designate a new folder for the 
excel tables to be exported 
 
2 
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Figure 18. This is an example of a good cross section of the Suffolk Scarp that distinctly shows 
a step in elevation. The red arrow denotes the interpreted location of the base elevation. 
 
 
 
 
Figure 19. This is an example of a bad cross section of the Suffolk Scarp that does not show a 
step in elevation since the scarp is dissected by a river in this particular location. This is the kind 
of cross section that was deemed inaccurate and not used to create the longitudinal profile of the 
scarp. 
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RESULTS AND DISCUSSION 
 
There were 230 cross sections drawn along the Suffolk Scrap, however, 110 of these 
(Figure 20) were not used for the interpretation of the longitudinal profile of the scarp because 
an accurate base point could not be determined. That is, if the cross section did not clearly 
display a step in the topography, either due to dissection by rivers or interruption by 
anthropogenic features, the section was not applicable for base point interpretation as shown in 
Figure 19. Of the 185 cross sections drawn along the Orangeburg Scarp, 114 of them (Figure 21) 
did not clearly display a step in the landscape. Being much older and further inland than the 
Suffolk Scarp, the Orangeburg is more densely dissected by river and stream systems. For each 
of the two scarps, both the raw data and the data with perturbing features removed were plotted 
as longitudinal profiles with smoothing curves (Figures 22-25). Additionally, by superimposing 
the data for the highest preserved mid-Pliocene marine sedimentary rocks as a function of 
latitude (Rowley, et al., 2013) onto the curve of variation in elevation along the Orangeburg 
Scarp found in this study (Figure 26), the two results could be compared. 
19 
 
 
 
Figure 20. Map showing the 230 cross sections drawn along the length of the Suffolk Scarp. 
Those highlighted in red were omitted from the longitudinal profile graph displayed in Figure 
23. 
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Figure 21. Map showing the 185 cross sections drawn along the length of the Orangeburg Scarp. 
Those highlighted in teal were omitted from the longitudinal profile graph displayed in Figure 
25. 
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Figure 22. Raw longitudinal profile of the Suffolk Scarp. The smoothing lowess curve is shown 
in red. The gray bars indicate the data representing inaccurate base points which were removed 
from the dataset. Each can be explained as such: (1) is an area that has been disturbed and 
washed out by the Perquimans River, (2) is the area interrupted by the Albemarle Sound, (3) 
represents the area dissected by the Pamlico River, (4) is an area of the scarp cut by Durham 
Creek, (5) represents interruption by both an alluvial fan (the peak) and anthropogenic features 
(the trough), and (6) represents dissection by the Neuse River and the entire area south of it 
where the scarp is no longer topographically visible. 
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Figure 23. Longitudinal profile of the Suffolk Scarp with inaccurate basepoints removed. A 
refined smoothing lowess curve is shown in red. The same gray bars from Figure 22 remain here 
to indicate where data has been cut out.  
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Figure 24. Raw longitudinal profile of the Orangeburg Scarp. The smoothing lowess curve is 
shown in red. The gray bars indicate the data representing inaccurate base points which were 
removed from the dataset. The larger ones can be explained as such: (1) represents where the 
scarp runs into the Savannah River, (2-3) are where various branches of the Salkehatchie River 
cut the scarp, (4) is an area of the scarp cut by the Edisto River, (5) is where there scrap is cut by 
the Congaree River which flows into Lake Marion, (6) is another area dissected by various river 
systems, (7) represents an area largely dissected by the Great Pee Dee River system, (8) is the 
area dissected by the Lumber River and Raft Swamp, and the remaining areas (9-12) represent 
where the Orangeburg Scarp is assumed to be by Rowley, et al. (2013), but where none of the 
cross sections drawn across the area have a distinct scarp shape.  
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Figure 25. Longitudinal profile of the Orangeburg Scarp with inaccurate basepoints removed. A 
refined smoothing lowess curve is shown in red. The same gray bars from Figure 24 remain here 
to indicate where data has been cut out. 
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Figure 26. This is the longitudinal profile of the Orangeburg Scarp, as shown in Figure 25, with 
the smoothed curve in red. The blue dots represent the highest preserved mid-Pliocene marine 
sedimentary rocks as a function of latitude (Rowley, et al., 2013). 
 
 
The smoothed curve of the Suffolk Scarp (Figure 23) shows little variation in elevation 
along the longitudinal profile of the scarp from the northern end to the southern end. There is 
only about one meter of variation in height along the entire length of the scarp and it only slopes 
slightly to the north. Conversely, the smoothed curve of the Orangeburg Scarp has a convex 
shape along the longitudinal profile of the scarp running from southwest to northeast. There is 
also about 40 meters of variation in height along the length of the Orangeburg Scarp. 
Additionally, in comparing the pattern of the Suffolk Scrap, going from south to north, to that of 
the portion of the Orangeburg Scarp within North Carolina, going from southwest to north east, 
the scarp profiles do not correlate as originally hypothesized. The Suffolk Scarp only has about a 
meter of variation in elevation along its length from south to north, and without the vertical 
exaggeration, it would be indistinguishable from horizontal. The Orangeburg, on the other hand, 
distinctly slopes northeastward and shows about 40 meters of variation.  
Lastly, Figure 26 compares the elevation change along the Orangeburg Scarp from 
Rowley, et al. (2013) to the variation in elevation found using the LiDAR method discussed in 
this paper. As can be seen, the two results are quite similar, even though Rowley’s curve was 
derived from geologic data whereas the curve presented here came from interpretation of LiDAR 
data. The two curves follow almost the same path and only diverge in North Carolina where the 
position of the Orangeburg Scarp is not known conclusively to begin with. This similarity 
between the two different curves provides evidence which supports the use of my method to 
measure elevation change along a scarp. 
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CONCLUSIONS 
It has been suggested (Rowley, et al., 2013) that dynamic topography change occurs 
along passive margins, and it has been concluded that the warping seen along the Orangeburg 
Scarp can be almost entirely explained by GIA and mantle convection models (Rowley, et al., 
2013). The Orangeburg Scarp is 3-4 million years old, and as such, has had enough time to 
undergo significant warping by both of these processes. If the model presented by Rowley, et al. 
(2013) accurately assessed the factors that influence dynamic topography over time, younger 
scarps that correspond with the Orangeburg should also show some degree of dynamic 
topography in recent history. With very young scarps, like the Quaternary-aged Suffolk Scarp in 
North Carolina, this topography change is not expected to be large. However, the goal of this 
study was to determine if small magnitude warping can be detected using high resolution 
LiDAR. 
At 3-4 points per square meter, the LiDAR used to analyze the Suffolk Scarp for this 
study provided excellent resolution and detail of the scarp. The method developed for choosing 
the base point of a scarp cross section was based on the visual interpretation of DEMs generated 
from this high resolution LiDAR and elevation profiles. For some of the cross sections, like the 
one shown in Figure 18, it was easy to choose a basepoint. However, for other cross sections, 
like the one shown in Figure 19, it became difficult to determine the base of the scarp because 
the cross sectional profile did not show a distinct step in the topography. For these cross sections, 
the base elevation was chosen to be at the location where the cross section intersected the 
interpreted scarp line. This is how the raw longitudinal profiles were created and why the signal 
remained almost the same even after the inaccurate basepoints were removed. Removing the 
inaccuracies just seemed to amplify the curves. 
To conclude, we hypothesized the Suffolk Scarp to be warped in correspondence with the 
Orangeburg Scarp. Accordingly, we expected it to show about 2.5 meters of warping and follow 
a similar pattern, spatially, as the Orangeburg. However, we only saw about 1 meter of variation 
along the length of the Suffolk Scarp and no correlation of the pattern of elevation change along 
the Suffolk Scarp with that of the Orangeburg. Therefore, we conclude that the Suffolk Scarp 
had not experienced significant warping in recent geologic history. This could be due to a couple 
of factors. Either because the uplift that warped the Orangeburg Scarp ceased before the 
formation of the Suffolk, or because the Suffolk Scarp is too young to have experienced enough 
deformation to be significant, even with high resolution data. If the latter true, then this means 
that the rate of warping calculated before (i.e. 2 meters/100,000 years) has since slowed down. 
No further work has been done to calculate a new rate of warping. 
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SUPPLEMENTAL TEXTS 
 
Please see the supplemental text for an explanation of how the cross sections and longitudinal 
profiles were created. 
